12 United States Patent
Zheng et al.

USO011574597B2

US 11,574,597 B2
Feb. 7, 2023

(10) Patent No.:
45) Date of Patent:

(54) GATE DRIVING UNIT HAVING NODE
ISOLATION

(71) Applicant: BOE TECHNOLOGY GROUP CO.,
LTD., Beijing (CN)

(72) Inventors: Can Zheng, Beijing (CN); Yu Feng,
Beijing (CN); Guangliang Shang,
Beijing (CN); Libin Liu, Beijing (CN);
Shiming Shi, Beijing (CN)

(73) Assignee: BOE TECHNOLOGY GROUP CO.,
LTD., Beyjing (CN)
( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.
(21) Appl. No.: 17/426,949

(22) PCT Filed: Oct. 27, 2020

(86) PCT No.: PCT/CN2020/123954
§ 371 (c)(1),
(2) Date: Jul. 29, 2021

(87) PCT Pub. No.. W02022/087817
PCT Pub. Date: May 5, 2022

(65) Prior Publication Data
US 2022/0148512 Al May 12, 2022

(51) Int. CL

GO9G 3/3266 (2016.01)
G09G 3/20 (2006.01)
(52) U.S. CL
CPC ... GO09G 3/3266 (2013.01); GO9G 2300/0426

(2013.01); GO9G 2300/0842 (2013.01); GO9G
2310/08 (2013.01); GO9G 2320/0214
(2013.01)

o -

ya
¥

- s’ . -

: 4 -

: # -

- .'I' -

% F.a Ly

vy -~ ‘.
o 2 &
- - " Ny
# o -

e . il -

s . N

ol Eﬁ:ﬂﬂ.—wﬂﬂ;ﬁ SR S
-ll:ll ru gl - i' - . :
. 4 i
s, 5 T ]

i - Ly
Gre s &
_..:: -

B A A A A

o

e '.-.n"'f‘-".
E‘;’."ﬂ:’.f‘f ":J o -

Lo

o e ap
) - -ﬂl [ !
3 G
- w fratats

(38) Field of Classification Search
CPC ............... G09G 2310/0286; GO9G 2310/0267
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,284,150 B2* 10/2012 Han ..................... G11C 19/184
377/64
2008/0266275 Al1* 10/2008 Tsar .......ccooveneee G09G 3/3677
345/204

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1034894235 A 1/2014
CN 203644373 U 6/2014
(Continued)

Primary Examiner — Sepehr Azari

(74) Attorney, Agent, or Firm — Muncy, Geissler, Olds &
Lowe, P.C.

(57) ABSTRACT

A gate driving unit, a gate driving circuit, a gate driving
method, and a display device are provided. The gate driving
umt icludes a first output circuit and a second output
circuit; the second output circuit comprises a first output
sub-circuit; the first output circuit 1s respectively electrically
connected to the first node, the second node and the first gate
driving signal output end and is configured to control the
first gate driving signal output end to output a first gate
driving signal under the control of the potential of the first
node and the potential of the second node; the first output
sub-circuit 1s respectively electrically connected to the first
node, the second gate driving signal output end and the first
clock signal end, and 1s configured to control the second gate
driving signal output end to be connected to the first clock
signal end.

18 Claims, 6 Drawing Sheets

N,
B R e i.;.."*"}‘



US 11,574,597 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2012/0139962 Al 6/2012 Chung et al.
2013/0002306 Al 1/2013 Chung
2016/0125955 Al 5/2016 Pang
2017/0140698 Al 5/2017 Hwang et al.
2017/0194162 Al 7/2017 Liu et al.
2018/0130435 Al 5/2018 Lee et al.
2018/0174503 Al* 6/2018 Shim ...................... G11C 19/28
2018/0182300 Al1* 6/2018 Chen .................... G09G 3/3674
2019/0130857 Al 5/2019 Ma
2020/0265877 Al* 8/2020 Zheng ...................... G09G 3/20
2021/0090484 Al1* 3/2021 Shang ...................... G09G 3/20
2021/0097938 Al 4/2021 Wu
2021/0335202 Al1* 10/2021 Feng ......ccoooevvenennnn, G11C 19/28
FOREIGN PATENT DOCUMENTS
CN 104299590 A 1/2015
CN 205282054 U 6/2016
CN 106057119 A 10/2016
CN 106782284 A 5/2017
CN 106971962 A 7/2017
CN 107134246 A 9/2017
CN 108257550 A 7/2018
CN 111179813 A 5/2020
KR 20190021985 A 3/2019

* cited by examiner



U.S. Patent Feb. 7, 2023 Sheet 1 of 6 US 11,574,597 B2

1%1 GCKO
~_|
11 first output
. ~— sub-circuit OUT N
T P
first output O[é C
N -o— circuit
FIG. 1
GCKO
11 |
~
{ GCK3 GCK1 N]— hrstoutput
g | sub-circuit OUT N
N2 first | OUT P g node . <
0}1tp1}t —<_ control
Nl circurl sub-circuit | second 122
121/ ‘ | N3 0utput syb- A
vl V2 c1r,cu1t
Vi
FIG.2
GCKO
121 J
BN S
11 Nl__l first output
— VGH 123 Sub-erreutt o r
N2y first ¢ OUT_P I_.wi uuuuuuu S &
N1— circuit i - second
Feeeeeeeeeeeeneenee . & output sub- 22
P ON3F L
- 01rpu1t
? V1

GCK3-

s /R J LR P PN SR, NN NN NN S N 'WwaA w12 L FEI PN

FIG.3A



U.S. Patent Feb. 7, 2023 Sheet 2 of 6 US 11,574,597 B2

GCK3 GCK1 101 GC‘KO
L <
31
11 \J\ third 32 N ]— first Olltpllt
g isolation ) sub-circuit OUT N
N2 first |OUT_P | node |[NO3 | third node —
output —9< control control unit N
N1 circuit | | unit circuit second 179
circuilt ﬁ output sub- |~
‘ | \»2 Cirruit
V1
V2 \YA|
FIG.3B
VGH VGH 121 0RO
il
L e ~
11 e Y S N1— first Output
R i i i - i sub-circuit OUT N
N2 first | OUT_P ; B | L
output ° io : —Q i AN
N1 circult M11 : | | second
I : | I b 122
I l Nl?’ : 1.\13 011‘[1?11‘[ S.u Y
R S e > circuit
: : LT |
|
GCK3 E - - I“—. - -~ Vi
@ | : |
iMlz 3 T C4
. VGL :
“““““ - VGL
GCK1
FIG.4
51 GCKI1 V2
1 |
GSTV first node N2
| _
) coniro gub .— NI
circuit
52 tank | OUT_P
~ Sub- <
circult

FI1G.S



U.S. Patent Feb. 7, 2023 Sheet 3 of 6 US 11,574,597 B2

S 5 S G LN VN AU R RN N R o R L L S Y L AR N Y, GV U

ey o
IR M
m“"i'*_,p"":;i: .-""";. ' SO N

:
E
; .
:
;

O o~
: " s,
) -~ W e

PR Prrrrrrrrrrrrry -

'
++++++++++++++

CEFr CEEr SEFr CFFr SFF3 KEFr SEELLFE EEE- SR
e

AR RL LR

st

wpleln
Tyl
'?fd'd'.’
]
) ’
e . ] .
" el
"fﬁm#ﬂWIW '
Fl : ]
R o
A
Anm
Snv
ot P
70,
wﬁﬁf#ﬁ'ﬁ"f#

S N
A
E.f.-:-:-:-:-:-:-:-:-' Booing - grade

X &
e _ W .y 3
Y ? g R .
, ! = s L
Y H} . '{‘
=,
! » 3
, L)
AR ARkt akkE AR R ke RRR AR R RRE R R R s - R kR Ok A t.’th.\.-i.-.-..,;
’ "ﬁ-‘.i'.“-1'.“'-'.i'.“-1'.“'-'.“'n'."-#ﬁﬁ#ﬁﬁ#ﬁﬁ#ﬁﬁ#ﬁiﬁ#ﬁ#ﬁ#ﬁ"%S‘.‘ 3 % X
AL ;
- \‘a:u.-.’%-.a_

L -l LU LA LA 3
@_' | s ‘¢ﬂﬁ.-€-¥:_ﬁ§
: ) ,
BN 3 aE TR P
R 0 . ' -,3'
M L ARAARAAAAAAAR AR AR AR 2 . X :
o g X L V- T §
et x n RN

e e :t : 3
s t ”] b _ R SN,
e “?‘. d su ANNRRNNNNNNN = 3
t :"{.. \\; . o
Y
circuit

* n
B Ly

FI1G.6

S |
GCK3— second GCK?

node CT§4

GCK1 V? control

élj ‘ | sub-circuit |
third | OUT_P
GSTV first node e N2 output <

)—e control sub- sub-
circuit NIl circuit

52 tank | OUT_P

. . V2
circuit

FIG.7



US 11,574,597 B2

Sheet 4 of 6

Feb. 7, 2023

U.S. Patent

i Wit Wit Wi Wi Wit Wi iR Wit Wi WA iR Wi i i
- IIIlIIlIIIIIlI..llIIIlIIIIIlIIlIIIIIlIIlI.IIlII.lIlIIlIIl

._.__........._...._.........h

3 XKy
8 &y G,

| &

wh___._._

A

N ;.....Mﬂﬁx--._ ..",.._.h%m-

L e .r!“. t{‘. . -

“ \\\\\
. FEERE,

' . -
R t 7
. y s
r v . . “ L
Wi wwwwr reve o -

.M- Y VR P Y LY . .. - L_... :
. e Tx...m

§. %

FFF VA EyF.

iy,

w
o
o,
w
s
o
o
“ A
; E
L4
s P
o
L4
s
s

L |
o o, u\.\.:.\.l\.\.\\.\.\\.\.\\.ﬂ.\.
. - . . “I\I‘“.l. “ ”
.‘_ M
A, el \mv.nv.n.._, e

O T L L R R R LN =

. Y Y.". ™ C I P W

FI1G.8

GSTV

GCKI1
GCK2
GCK3
OUT P
N1
GCKO

S4

N ﬂjl
D
g\
P
—
P!

OUT N

F1G.9



U.S. Patent Feb. 7, 2023 Sheet 5 of 6 US 11,574,597 B2

S LS
' - “*\' o Wy .
e ~ e e 4 N
_‘..'hlt !'hq. “Ml * _'l- %-?.

1 "&_
{ ,;’
.f..';_& |
{';i
%
¢
7y,
-

%;.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ

¢AAAhhuhuuhuuhuuin:h\ BARRAR LA LG

HHHH%HHHHHHHHHH'«, ml
‘l
HMMMMMMMH"'\NHMMHHMMMMMMMMMMH .r
K oF
.
....-..........‘. -ﬂ 3
\ELF i W
"\
u
"
! o g W ]
S e e G{_kﬁ (::'{:: T ?
‘ . - . ‘
5 &

‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I-I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘

HHHH#*JHHHHH#HHHHHH
.-".-".-"

*-Fi'i'i'i'-l'i'i'-l'-l'i'-l'i'i’-l'i'-I"-l"-l"-l"-l"-l'-l'-l'-l'-l'-l"‘

JJJJJJ&JJf;pquJJJJJJJJJJJJJJJJJJJ

At A

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

sl

o

%

"

"

5\

\

Y

s

o

o

., ::
K i - ~

oy . G{qi‘l N x*-*-.*-.*-.*-.*-.*-.*- - 1'*1
r x =

LY

e

e

"

%

"

%

%

"

:\.

e T T e T T e T e e e e T e T e e g Ty T Ty
)

. e
uuuuuuuuuuuuuuu%’{: m{i
x&ﬁfﬂ 3

R O E“?
______ .,“{, O3

!
n
-.-.-.-.-.-.-.-.'-'-'ﬂ-.-.l.-.-.-.-.-.-.-.-.-.-.-.-.l‘$ {r{wh{} ﬁ} TT P

me

4’

LASPLLPLSSLSSS

"-:- 'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ"-‘
g

N N

.?-‘-'.'-'-'-'.'-'.'-'-'.'-'-'-'.'-'.'-'-'-'

T T T T T T T T o M e T T T T T T T T

2R e R R R R e R R R R R R R R R R R R R R R R R R e B R R R R R R R R R R

¥

-I"-I"-I"fﬂﬂfﬂﬂﬂﬂ#’ﬂfﬂﬂﬂﬂﬂfﬂﬂfﬂﬂ-I'-I'-I'-I'-I'-I'-I'-I'-I'-l'-l'-l'-l'-l'-l"

N RNy ryrrryyyryyy
PR Ry Yy

R

LR Y Y R R Y SR T RN

o i
o

N P W VM

'I'-""““"‘“"“"“"“"_ﬁ"‘“"““"‘“"“"“"‘

] B

{‘h'ﬁ'ﬁ"h'ﬁ"h'ﬁ'ﬁ'ﬁ"’l'ﬁ'ﬁ"’l'ﬁ'ﬁ"'l"\l"'l"'l"\l"\l‘:'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ\

e

FEREEEEEREEEEEEEEEEE
EENERFEEEY

o o o o o g o g o g o i o g o o o i g
P R R R R B R R R R R R R R R

*.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-..-.-.-..-.-.-.-.-.-.-.-.-.-.-.-.-.-

S
.y
5
by
3 , ! 2
% " % "
% . % by .
: . : y ) o
ot Y
t t *uuuuwuuuuuuuuuuk{;- m k
t :l. t ;t - q'|I q.-q- -.'... :;1‘.‘1'-}'.
;: :: t iy t I N %%hmmmuuu T { .A:h '}
) o b t -y A Hﬁ i k ) N e e
.y ol ! Ll .
3 *-..-..-..-..uuuuu%uuuuuuuuuuuuuuuht\’- L }. LY
3 , % by : Oy
% . % " “n,
% " % " “m
% . % by “n,
% . ! " “n,
1.-.-.-l-.-t.-.-.-.-.-*.-.-.-.-.-.-.-.-l-.-.-*-.-.-.-.-.-.-l-.-t.-.-.-:Lh.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.Iu, (}1 " "{ P LY
3 , 3 y o
3 . 3 : >
* o Y "'\.‘\.‘n.‘n.‘t.‘h.‘n.‘t.‘n.‘n.‘t.‘h.H.‘t.“\.hhhhhh‘ﬂuhhhhhhhhhhhhhhhh‘h.‘t.‘h.‘n.'h"‘
% " % n
% . % n
% . % n
% " % n _
2 t :: n v ‘1- '-."-‘hﬁ‘qu - -,,"l';
3 N, \ - i S~ N,
% . % L. " %"
by - by :-: g iy
% " % n
% . % n
% . % -|1h
t :.. t ._._._._._._._._._._._._._._._._._._._._._ R e e e e, "
'-: =t == HEEY 3
} } 3 3T 3
‘ ‘ *L kb bk kR R R R R R ‘. t
% . X .,. .
% . % " "
% " % .,. "
% . % .
2 Fowmwan e e (" {"'i, ~ <
2 " s m R B BB TR EREDRERRNEREN,] h“_ \{hi ::
: A A Sl
P 3 T oue o OUT NG
% t 5 » o~ - n LY L - iy * ,g
%&HHHHHHHHH:HHHHHHHHHH HHHHHHHHHHHHHHH{* ’ bkt :: e
3 ", .
hy hy . )
by x Y, .
3 } 3 X
T T T i i i T T T T T T T T T T T T M T T T T T T T T e M T T T T T T T T T T T B T T T T T T T e T T T T T T Gi:: h‘:} a{'\'#{ P ::
by
.y
Y
L

"ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ‘ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ‘t'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ

AU 4

EENEREYFEEEEY

-,.la.n.la.la.nnnnnnnnnnnnnla.la.Lnltnnnnnnnnnnnnnnnnnnnn

uuuuuuuuuuuuuuui& {\h i

e

Ry Ny Yy yyyyy
.-’-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-

l"l"ll'l"l"ll'll'll'll'l"l"#l"l’l’i’l’l’i'i'i'i'i'i'i'i'i'i'i'i'i'i'l’i’l’l’i’l’l’i"

TLERA U P

N

Y

e

o

L ,::

o

: t ‘* L

" e » L

. . » LN

) . b bt . o

-.-q.-n.-q.-q.-.-q.h.m.q.-q.-.-q.-.m.-q.h.m.-.-q.ﬂ,-q.-.m.n.ut-q.-q.u.-q.h.m.-.-q.-.nt o o

. . ! ::
- b i T e e T e
- hy . ¥ '“::-.*v.*-.*-.*-.*-. ‘E ™ ‘E S T
" \' ] .\. . L i- 'l--‘.'.I -|.-| ‘l
o Y i B, gt w L % o~ ‘H;h' o

:'. -*hhuuhuxuuuhuhux\{‘ {}k ¥ L% N L e . -

. ) ::

" % .'. o

. Y v

. 5, h L

" e » L

y LN

Y

e

o

Y

s

.-".-".-".p"

a
]
]
]
]
]
]
]
]
]
]
]
]
]
a
]
]
]
]
]
]
]

ey
i
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

et
el
ek
%
I
e

-,

AAAEA
1'#'-"

SAEAEER SRR R R ER RN
A R R R R R R R R R R R R R R R R

208 Y
uu*-*-*-‘-‘-"-‘-%'-"-"-"-"-""‘"““‘ﬁ““"'"' “““""“‘\Q {?}& l )

ai;m
e S8 OUT N

FYFEYEERRrY
.—.ﬂ.ﬂ.—.ﬂ*.ﬂ.ﬂ.—.ﬂ
s

ﬁ

Yy yyyryyyy
.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-*.-.-.-.-.-.-.-.-.--.-.--.-.-.-.-.-.-.-.-

{

A
o

GCKE oy p
G O S

fffffffffffff{kfffffffffffff

r

;

r

r

;

r

r
%
j |
o
Faan
oy
y
".._, x
x
.‘f;‘}.‘
P

L]

AN
P o o P
A B,
BB A
A

FI1G. 10



U.S. Patent Feb. 7, 2023 Sheet 6 of 6 US 11,574,597 B2

A 3 5
X . ’ >
L ) by
Bt oy . E
. \
" L
e
B aunnnnnnnnnnnannnnnnnn&nnnn&t AL AL L LA L LA LL LA LR L DR LA LA LLLLLLLLL LR LRSS, AmEn,
- . '-. " .
%& 1. § . \ v
\ . K ) . 2 iy h,
L b 0y *u
3 X . 3 . 3 5 5
L L) L
LA RN ) B ryt L RN
-HHHHHHHHHHHHHHHHHHHH% PR RN S A R L A R R R R R R R
. . -.. “ 5 4 n "
T W Ny w " A . . "
" L) " L *, *, v .
a - "y L *, * 5 .
iy, ™ LY b * * - "
w LY Y Y < "
L *, * 5 1,
gy g Ty My
ANVRARAAARAAAARAARARAAAR AN IVVEARARARAAARARARAA AR IENRRAARAAAAARAAAA AN RANN AN FYVVRRRARRAAAAAAT
n - . , Y Y x
e N i Pod P ¥ g
N e . " y . ) X
. “° " "a Y % ! b
. K e . " y X y X
b - - “u’ "w . ™ b ) *
R L, LR, M a0 e 0b
. s . R R R R R R R R R R R R R R A R R N R R R R R A R R N R R R R N N A T A R R A R R R R R R R R A R R R R R R R
R - * *
a0 N\ ,3 N "
N . 5
*, *
* *
:.llllll:.
. I i i i i i i i i B BB B B B B0 g i i i i i i i i i i BB B
e 3ﬁﬁtﬂ e X N
' { 3 P‘ ) Yoo
h Y - N mpags B \ N
Ty - \ .,
., ."-.
, A
ey .,
‘..-.‘-‘.-.‘.-‘l-

f‘%

‘;r;r;rr;rI

mww '

"R ALALRLALLALLLLLLLLLLLLALALRLALLLREALLLLLELLLLLALALLALALRALLALR LR LR LA LR LA LLRRRR LR e e I L L L L L

bt
o
£
ool
o}
‘.m-
v’
e

Py

i

CAAALAAAAAALAAAAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALAALLALLALLA LA AL LA LE AnmmRAARLAAALAR LA
g - W mg e - L oe LWy - -
E -l_.-l . } ] . - = . .:- r:
WWis %Y 0 g
-.‘ , a ‘.:- .I Ll -
Minglin e, - - 2 -
(R RN NN
_._._._._._._._._._._._._._._._._._._._._._._._.‘._._.‘._._._._._._._._._._._._._._._._._._._._._._._._._._._._._.‘._._.‘._._.‘._._.‘._._._._._._._._._._._._._._._._._._._._._._._._._._.‘._._.‘._._.‘._._.‘._._._._._._._._._._.1: mee e
X L
] N g " » L : L3
» il o } - E: s oy b
- .;‘ - .l.l"- . .-l' : :-.
g, . 3 Y
"‘u"-«-"a"at ::'H-"'-"'-"u:: :'H-"'-"'-"b,." .:"h-"'-"'-":.::
. . % t L :: L :.': t -
' g X b . . " . > 0y o
. y Y . » -
il 3 by K by X 3 iy -
b R L -
T T T T Ty, T T N At R R R R R R R R R N b R ey :':'-..'u..'-..ﬁ.w..-.."..xuuuuuuuuuuuuuuuuuuuﬁ.n‘ ?:"\.'-..ﬁ.ﬁ.'-..ﬁ.ﬁ.ﬁ.x
':"'-"'-"'-"'q; 1‘:"'-"'-"'-"" ::""""'L ""-"'-‘1
o Y3 Y3 Y3 }
Bl N ol e W, ) . > A . " by by
. » A b S \
N l. ". -'- ‘l 1‘ .'-. 1'. 1'.
L ] Ll ™
- o e T o A .Y \
- * * b
RS, ":hhhhhhhhhhhhhhhhh\.hhhhhhhhhhh‘:" '.“h.hhhhhhhh‘uhhﬁ.hhhhhhhhhhhhhhhhﬂl‘ Ty g e e e e i e g e b

-‘\"\. .::."'."'."'\. ‘.‘h"‘-"'-"'-'?. ‘i‘\."'."'\."'\."l.

- i " o . 3 y Q
"‘\"':T-‘ . 1."" LY . LY h | L

. " - . 3 " A

. : b \ . . v
-’ 1 L e -y . " L -‘ Lt

" - . 3 " A

3 } Yo yod

Ty iy i e e i e i e e i gty i i i i i g i e i e, ""\.H.H.‘ﬁ.hh‘ﬁ.‘\.hhhhhhhhhhhhhhhhhhhhhh' xhhhhhhhhhh‘-hhhhhhhh‘.

\.'*.'*."."'\"
. - -y -

o - e R A - :
£3ITIT NI Y3
x“ - l- - ? :.I ‘
- A " \ t

"'.

a'e's'e's's'n's's's's'"s'"s's'"s'n'n"s'n"s"n"'n"s"n"s'n"s"n'n"s"n"'s"n'n"s"n"n"n"'n"n"n"s"n"'n"n'n"s"n"'n"n"n"s"n"2n""n :\. ...................................................................

e T T Bt Tt T e R e T e o bt Tt St T Rt Tl S Rt SR S b e P P PP P B T T S T e e et Tt Bt Tt B e B el T e R e e e e e T Tt bt Tt Bt T S T S R el e M L P TPl L

By By & &
""ﬁ
.,
. . by [
RS 3 b X Yoo
- RS ] N »
: R . . b
—m , n
- .
l‘I‘l‘l‘I‘l‘l‘l‘l‘l‘I‘l‘l‘I‘l‘l‘l‘l‘l‘I‘l‘l‘l‘l‘l‘I‘l‘l‘I‘l‘l‘l‘l‘l‘I‘l‘l‘I‘l‘l‘I‘l‘l‘I‘l‘l‘l‘l‘l‘I‘l‘l‘I‘l‘l‘I‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l x‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘..‘l‘l‘l‘l‘l‘l‘l‘l‘lI

-'.': .’
S
- .i
e,
F
Y
e
Y PPy yyyy
PR

T T T e T T T T T T T T T B T T B T T B B B B T B B T B B B B T B B

| ol o o o ol " o o o |

f
)
f
llllllllllllllllli-

D T T M T e T e e e e e e e e i o M T T e M e e e e T T T T e T T e e e e e e T T e T e e e e e T M e e T e e e e e T e T T T e e e e e T e e T T M M B e e T T M T T g Ty Ty Ty T Ty Ty Ty gy T T Ty, Ty g T T Ty gy gy g, T Ty, My, Ty, T, T, Ty, Ty oy W, W ™

¥
‘
£
A

Faa)
)
f ]
Yosry
s
rFr
',
o
"
RN

Nl

e T e e e e e e e e T e o e e o o o o o oy o o e o o oy o i o oy o o o e oy o o o o oy o o e e o o o o e oy o o o o e o e o o o o o e T e T e e T, T R N R T R T R, R MR WL, M, W, <

OLT N8

-

el

A

(P rrrrrrr
_,F.F.F.F.F.F.F.F.F

MR TROMRMRTR TR MR MRORR R TRMROMRTR R TR MRMRTR R R TR MR OMRR TR MR MROTR TR TRROMRMRTR TR TR MR MR TR TR TR TRMR MR TR TRMRTR TR TRTR MR MRTR TR MR MR TRTR TR TR TR MR TRTR TR MROTROTRRTR TR MR TR TR TR MR MR TR TR TR TR MR MR TRTR TR TROTR MR TR TR MR MR TR R R R MR TRR MM L L

F1G.11



US 11,574,597 B2

1

GATE DRIVING UNIT HAVING NODE
ISOLATION

CROSS REFERENCE OF RELATED
APPLICATION

The present application 1s the U.S. national phase of PCT
Application PCT/CN2020/123934 filed on Oct. 27, 2020,

which 1s incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to the field of display
technologies, and 1n particular, to a gate driving unit, a gate
driving circuit, a gate driving method, and a display device.

BACKGROUND

With the increasing demand of people for display, high
and low frequency display becomes a hotspot for research,
and an oxide TFT (thin film transistor) can realize low
frequency due to its low leakage current, and 1s compatible
with LTPS (low temperature polysilicon) process, so that 1t
1s used 1 an OLED (organic light emitting diode) pixel
circuit. Since the Oxide TFT 1s an n-type transistor, a gate
driving circuit for providing a control signal thereto
becomes one of key technologies of LTPO (Low Tempera-
ture Polycrystalline Oxide) technology.

SUMMARY

In one aspect, the present disclosure provides a gate
driving umt, including a first output circuit and a second
output circuit; where the second output circuit includes a
first output sub-circuit;

the first output circuit 1s respectively electrically con-
nected to a first node, a second node and a first gate driving,
signal output end, and 1s configured to control the first gate
driving signal output end to output a first gate driving signal
under a control of a potential of the first node and a potential
of the second node;

the first output sub-circuit 1s respectively electrically
connected to the first node, a second gate driving signal
output end and a first clock signal end, and 1s configured to
control the second gate driving signal output end to be
connected to the first clock signal end under the control of
the potential of the first node.

Optionally, the first output sub-circuit includes a first
output transistor;

a control electrode of the first output transistor 1s electri-
cally connected to the first node, a first electrode of the first
output transistor 1s electrically connected to the first clock
signal end, and a second electrode of the first output tran-
sistor 1s electrically connected to the second gate driving
signal output end.

Optionally, the second output circuit further includes a
second output sub-circuit and a third node control sub-
circuit;

the second output sub-circuit is respectively electrically
connected to a third node, the second gate driving signal
output end and a first voltage end, and 1s configured to
control a writing of a first voltage signal provided by the first
voltage end 1nto the second gate driving signal output end
under a control of a potential of the third node;

the third node control sub-circuit 1s respectively electri-
cally connected to the first gate driving signal output end, a
second clock signal end, a third clock signal end, the first
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voltage end and a second voltage end, and 1s configured to
control the potential of the third node under the control of
the first gate driving signal output by the first gate driving
signal output end, the second clock signal provided by the
second clock signal end and the third clock signal provided
by the third clock signal end.

Optionally, the second output sub-circuit includes a sec-
ond output transistor;

a control electrode of the second output transistor 1s
clectrically connected to the third node, a first electrode of
the second output transistor 1s electrically connected to the
second gate driving signal output end, and a second elec-
trode of the second output transistor 1s electrically connected
to the first voltage end.

Optionally, the third node control sub-circuit 1s further
configured to control a writing of a second voltage signal
provided by the second voltage end into the third node under
the control of the first gate driving signal, to control a writing
of the first voltage signal into the third node under a control
of the second clock signal, and to control a potential of the
third node according to the third clock signal.

Optionally, the third node control sub-circuit includes a
first control transistor, a second control transistor, and a first
control capacitor, where

a control electrode of the first control transistor i1s elec-
trically connected to the first gate driving signal output end,
a first electrode of the first control transistor 1s electrically
connected to the second voltage end, and a second electrode
of the first control transistor 1s electrically connected to the
third node;

a control electrode of the second control transistor 1s
clectrically connected to the second clock signal end, a first
clectrode of the second control tramsistor 1s electrically
connected to the third node, and a second electrode of the
second control transistor 1s electrically connected to the first
voltage end; and

a first end of the first control capacitor 1s electrically
connected to the third node, and a second end of the first
control capacitor 1s electrically connected to the third clock
signal end.

Optionally, the third node control sub-circuit includes a
third 1solation node control unit circuit and a third node
control unit circuit, where

the third 1solation node control unit circuit 1s electrically
connected to the first gate driving signal output end, the
second voltage end, a third 1solation node, the second clock
signal end, the third clock signal end and the first voltage
end, respectively, and 1s configured to control a writing of a
second voltage signal 1nto the third isolation node under a
control of the first gate driving signal, control a writing of
the first voltage signal into the third isolation node under a
control of the second clock signal, and control a potential of
the third 1solation node according to the third clock signal;

the third node control unit circuit 1s electrically connected
to the first gate driving signal output end, the third 1solation
node, the second voltage end, and the third node, respec-
tively, and 1s configured to write a second voltage signal into
the third node under the control of the first gate driving
signal, and 1s configured to control the third node and the
third 1solation node to be connected to each other under a
control of a potential of the third isolation node, and 1is
configured to maintain the potential of the third node.

Optionally, the third isolation node control unit circuit
includes a first control transistor, a second control transistor,
and a first control capacitor, where

a control electrode of the first control transistor i1s elec-
trically connected to the first gate driving signal output end,
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a first electrode of the first control transistor 1s electrically
connected to the second voltage end, and a second electrode
of the first control transistor 1s electrically connected to the
third 1solation node;

a control electrode of the second control transistor i1s
clectrically connected to the second clock signal end, a first
clectrode of the second control transistor i1s electrically
connected to the third 1solation node, and a second electrode
of the second control transistor 1s electrically connected to
the first voltage end; and

a first end of the first control capacitor 1s electrically
connected to the third 1solation node, and a second end of the
first control capacitor 1s electrically connected to the third
clock signal end.

Optionally, the third node control unit circuit includes a
third control transistor, a fourth control transistor, and a first
storage capacitor, where

a control electrode of the third control transistor 1s elec-
trically connected to the first gate driving signal end, a first
clectrode of the third control transistor 1s electrically con-
nected to the second voltage end, and a second electrode of
the third control transistor 1s electrically connected to the
third node:

a control electrode of the fourth control transistor and a
first electrode of the fourth control transistor are bo” elec-
trically connected to the third 1solation node, and a second
clectrode of the fourth control transistor 1s electrically
connected to the third node; and

a first end of the first storage capacitor 1s electrically
connected to the third node, and a second end of the first
storage capacitor 1s electrically connected to the first voltage
end.

Optionally, the first output circuit includes a first node
control sub-circuit and a tank sub-circuait;

the first node control sub-circuit 1s respectively electri-
cally connected to a third clock signal end, an input end, a
second voltage end, a second node and a first node, and 1s
configured to write an input signal provided by the input end
into the first node under a control of a third clock signal
provided by the third clock signal end and write a second
voltage signal provided by the second voltage end into the
first node under the control of the potential of the second
node;

the first end of the tank sub-circuit is electrically con-
nected to the first node, the second end of the tank sub-
circuit 1s electrically connected to the first gate driving
signal output end, and the tank sub-circuit 1s configured to
store electric energy.

Optionally, the first node control sub-circuit includes a
fifth control transistor and a sixth control transistor, where

a control electrode of the fifth control transistor 1s elec-
trically connected to the third clock signal end, a first
clectrode of the fifth control transistor 1s electrically con-
nected to the iput end, and a second electrode of the fifth
control transistor 1s electrically connected to the first node;

a control electrode of the sixth control transistor 1s elec-
trically connected to the second node, a first electrode of the
sixth control transistor 1s electrically connected to the sec-
ond voltage end, and a second electrode of the sixth control
transistor 1s electrically connected to the first node;

the tank sub-circuit includes a second storage capacitor;

a first end of the second storage capacitor 1s electrically
connected to the first node, and a second end of the second
storage capacitor 1s electrically connected to the first gate
driving signal output end.

Optionally, the first node control sub-circuit includes a
first control unit circuit, a second control unit circuit, a third
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control unit circuit, a fourth control unit circuit, a fifth
control unit circuit, and a sixth control unit circuit, where

the first control umt circuit 1s respectively electrically
connected to a third clock signal end, the mput end and a
fourth node and 1s configured to write the mput signal into
the fourth node under the control of the third clock signal;

the second control unit circuit 1s electrically connected to
the third clock signal end, the fourth node and the first node
respectively, and 1s configured to control a communication
between the fourth node and the first node under the control
of the third clock signal;

the third control umt circuit 1s electrically connected to
the first gate driving signal output end, the fourth clock
signal end and the fourth node, and 1s configured to write a
fourth clock signal provided by the fourth clock signal end
into the fourth node under the control of the first gate driving
signal provided by the first gate driving signal output end;

the fourth control unit circuit 1s respectively electrically
connected to the second node, the second voltage end and
the fifth node, and 1s configured to write a second voltage
signal provided by the second voltage end 1nto the fifth node
under the control of the potential of the second node;

the fifth control unit circuit i1s respectively electrically
connected to the second node, the fifth node and the first
node and 1s configured to control a communication between
the fifth node and the first node under the control of the
potential of the second node;

the sixth control unit circuit 1s electrically connected to
the first node, the fifth node, and the first voltage end,
respectively, and configured to write a first voltage signal
provided by the first voltage end 1nto the fifth node under the
control of the potential of the first node.

Optionally, the first control unit circuit includes a fifth
control transistor, the second control unit circuit includes a
seventh control transistor, the third control unit circuit
includes an eighth control transistor, the fourth control unit
circuit includes a sixth control transistor, the fifth control
unit circuit includes a ninth control transistor, the sixth
control unit circuit includes a tenth control transistor, where

a control electrode of the fifth control transistor 1s elec-
trically connected to the third clock signal end, a first
clectrode of the fifth control transistor i1s electrically con-
nected to the input end, and a second electrode of the fifth
control transistor 1s electrically connected to the fourth node;

a control electrode of the seventh control transistor 1s
clectrically connected to the third clock signal end, a first
clectrode of the seventh control transistor 1s electrically
connected to the fourth node, and a second electrode of the
seventh control transistor 1s electrically connected to the first
node;

a control electrode of the eighth control transistor 1s
clectrically connected to the first gate driving signal output
end, a first electrode of the eighth control transistor is
clectrically connected to a fourth clock signal end, and a
second electrode of the eighth control transistor 1s electri-
cally connected to the fourth node;

a control electrode of the sixth control transistor 1s elec-
trically connected to the second node, a first electrode of the
sixth control transistor 1s electrically connected to the sec-
ond voltage end, and a second electrode of the sixth control
transistor 1s electrically connected to the fifth node;

a control electrode of the ninth control transistor 1s
clectrically connected to the second node, a first electrode of
the ninth control transistor 1s electrically connected to the
fifth node, and a second electrode of the ninth control
transistor 1s electrically connected to the first node;
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a control electrode of the tenth control transistor i1s
clectrically connected to the first node, a first electrode of the
tenth control transistor 1s electrically connected to the fifth
node, and a second electrode of the tenth control transistor
1s electrically connected to the first voltage end.

Optionally, the first output circuit further includes a
second node control sub-circuit and a third output sub-
circuit;

the second node control sub-circuit 1s respectively elec-
trically connected to a second node, the mnput end, a second
clock signal end, a first voltage end and a second voltage
end, and 1s configured to write a second voltage signal
provided by the second voltage end into the second node
under the control of the input signal, write a first voltage
signal provided by the first voltage end into the second node
under the control of a second clock signal provided by the
second clock signal end, and maintain the potential of the
second node;

the third output sub-circuit i1s respectively electrically
connected to the second node, the second voltage end, the
first gate driving signal output end, the first node and a fourth
clock signal end, and 1s configured to write a fourth clock
signal provided by the fourth clock signal end into the first
gate driving signal output end under the control of the
potential of the first node, and write a second voltage signal
into the first gate driving signal output end under the control
ol the potential of the second node.

Optionally, the second node control sub-circuit includes a
seventh control transistor, an eighth control transistor, and a
second control capacitance;

a control electrode of the seventh control transistor i1s
clectrically connected to a second clock signal end, a first
clectrode of the seventh control transistor 1s electrically
connected to a second node, and a second electrode of the
seventh control transistor 1s electrically connected to the first
voltage end;

a control electrode of the eighth control transistor i1s
clectrically connected to the input end, a first electrode of the
eighth control transistor 1s electrically connected to the
second voltage end, and a second electrode of the eighth
control transistor 1s electrically connected to the second
node; and

the first end of the second control capacitor 1s electrically
connected to the second node, and the second end of the
second control capacitor 1s electrically connected to the
second voltage end.

Optionally, the third output sub-circuit includes a third
output transistor and a fourth output transistor, where

a control electrode of the third output transistor 1s elec-
trically connected to the second node, a first electrode of the
third output transistor 1s electrically connected to the second
voltage end, and a second electrode of the thurd output
transistor 1s electrically connected to the first gate driving
signal output end;

a conftrol electrode of the fourth output transistor 1s
clectrically connected to the first node, a first electrode of the
fourth output transistor 1s electrically connected to the first
gate driving signal output end, and a second electrode of the
fourth output transistor 1s electrically connected to the fourth
clock signal end.

In a second aspect, a gate driving circuit including the
gate driving unit heremnabove 1s further provided in the
embodiments of the present disclosure.

Optionally, the gate driving circuit further includes a first
clock signal input end, a second clock signal mput end, a
third clock signal input end, a first clock signal end, a second
first clock signal end, and a third first clock signal end;
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the mput end of the gate dniving unit 1s electrically
connected to the first gate driving signal output end of the
adjacent upper-level gate driving unit;

a third clock signal end of a (3n-2)" level gate driving
unit 1s electrically connected to the first clock signal input
end, a fourth clock signal end of the (3n-2)" level gate
driving unit 1s electrically connected to the second clock
signal mput end, and a second clock signal end of the
(3n-2)" level gate driving unit is electrically connected to
the third clock signal mnput end; the first clock signal end of
the (3n-2)" gate driving unit is electrically connected to the
second first clock signal end;

a third clock signal end of the (3n-1)" level gate driving
unit 1s electrically connected to a second clock signal input
end, a fourth clock signal end of the (3n-1)" level gate
driving unit 1s electrically connected to a third clock signal
input end, and a second clock signal end of the (3n-1)" level
gate driving umt 1s electrically connected to a first clock
signal input end; the first clock signal end of the (3n-1)"
gate driving unit 1s electrically connected to the third first
clock signal end;

a third clock signal end of the 3n” level gate driving unit
1s electrically connected to a third clock signal mput end, a
fourth clock signal end of the 3n” level gate driving unit is
clectrically connected to the first clock signal input end, and
a second clock signal end of the 3n” level gate driving unit
1s electrically connected to the second clock signal mput
end; the first clock signal end of the 3n” gate driving unit is
clectrically connected to the first clock signal end;

n 1s a positive integer.

In a third aspect, a gate driving method applied to the gate
driving circuit heremabove 1s further provided in the
embodiment of the present disclosure, including:

the first output circuit controlling the first gate driving
signal output end to output a first gate driving signal under
the control of the potential of the first node and the potential
of the second node;

the first output sub-circuit controlling a communication
between the second gate driving signal output end and the
first clock signal end under the control of the potential of the
first node.

In a fourth aspect, a display device including the gate

driving circuit heremabove 1s further provided in the
embodiment of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural diagram of a gate driving unit
according to at least one embodiment of the disclosure;

FIG. 2 1s a structural diagram of a gate driving unit
according to at least one embodiment of the disclosure;

FIG. 3A 1s a structural diagram of a gate driving unit
according to at least one embodiment of the disclosure;

FIG. 3B 1s a structural diagram of a gate driving unit
according to at least one embodiment of the disclosure;

FIG. 4 1s a structural diagram of a gate driving unit
according to at least one embodiment of the disclosure;

FIG. 5 15 a block diagram of at least one embodiment of
a first output circuit in a gate driving unit according to the
present disclosure;

FIG. 6 15 a block diagram of at least one embodiment of
a first output circuit in a gate driving unit according to the
present disclosure;

FIG. 7 1s a block diagram of at least one embodiment of
a first output circuit in a gate driving unit according to the
present disclosure;
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FIG. 8 1s a circuit diagram of a gate driving unit according,
to at least one embodiment of the present disclosure;

FIG. 9 1s a ttiming diagram 1llustrating operation of at least
one embodiment of the gate driving unit shown in FIG. 8
according to the present disclosure;

FIG. 10 1s a block diagram of a gate drniving circuit
according to at least one embodiment of the disclosure;

FIG. 11 1s an operation timing diagram of a gate driving
circuit according to at least one embodiment of the disclo-
sure.

DETAILED DESCRIPTION

The technical solutions 1n the embodiments of the present
disclosure will be described clearly and completely with
reference to the drawings 1n the embodiments of the present
disclosure, and it 1s obvious that the embodiments described
are only some embodiments of the present disclosure, rather
than all embodiments. All other embodiments, which can be
derived by a person skilled 1n the art from the embodiments
disclosed herein without making any creative effort, shall
tall within the protection scope of the present disclosure.

The transistors used 1 all embodiments of the present
disclosure may be transistors, thin film transistors, or field
ellect transistors or other devices with the same character-
istics. In the embodiments of the present disclosure, to
distinguish two electrodes of a transistor except for a control
electrode, one electrode 1s referred to as a first electrode, and
the other electrode 1s referred to as a second electrode.

In practical operation, when the transistor 1s a triode, the
control electrode may be a base electrode, the first electrode
may be a collector electrode, and the second electrode may
be an emitter electrode; alternatively, the control electrode
may be a base electrode, the first electrode may be an emitter
clectrode, and the second electrode may be a collector
clectrode.

In practical operation, when the transistor 1s a thin film
transistor or a field effect transistor, the control electrode
may be a gate electrode, the first electrode may be a drain
clectrode, and the second electrode may be a source elec-
trode; alternatively, the control electrode may be a gate
clectrode, the first electrode may be a source electrode, and
the second electrode may be a drain electrode.

As shown 1 FIG. 1, the gate driving unit according to at
least one embodiment of the present disclosure includes a
first output circuit 11 and a second output circuit; the second
output circuit includes a first output sub-circuit 121;

the first output circuit 11 1s electrically connected to the
first node N1, the second node N2 and the first gate driving
signal output end OUT_P, respectively, and 1s configured to
control the first gate driving signal output end OUT_P to
output a first gate driving signal under the control of the
potential of the first node N1 and the potential of the second
node N2:

the first output sub-circuit 121 1s electrically connected to
the first node N1, the second gate driving signal output end
OUT_N and the first clock signal end, respectively, and 1s
configured to control the second gate driving signal output
end OUT_N and the first clock signal end to be connected
to each other under the control of the potential of the first
node N1;

the first clock signal end 1s used for providing a first clock
signal GCKO.

The gate driving unit according to at least one embodi-
ment of the present disclosure may provide a first gate
driving signal and a second gate driving signal, where the
first gate driving signal 1s used to control a p-type transistor,
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and the second gate driving signal i1s used to control an
n-type transistor, and the gate driving unit according to at
least one embodiment of the present disclosure may be
applied to a Low Temperature Poly Oxide (LTPO) pixel
circuit.

In the gate driving unit according to at least one embodi-
ment of the present disclosure, the first output sub-circuit
121 controls the second gate driving signal output end
OUT_N and the first clock signal end to communicate with
cach other at the potential of the first node N1, and since the
potential of the first node N1 1s bootstrapped low 1n the
output period, the transistor included in the first output
sub-circuit 121 can be fully turned on without a threshold
voltage loss, so that the second gate driving signal output by
OUT_N drops without a step, and the first output sub-circuit
121 1s electrically connected to the first clock signal end, and
the wavetorm of the first clock signal GCKO at the output

level 1s the same as the wavetorm of the gate driving signal
output by OUT_N.

In the related art, an LTPS (low temperature polysilicon)
TFT (thin film transistor) device and an Oxide TFT device
are mtegrated in an LTPO pixel, wherein the LIPS TFT
device 1s a p-type transistor and the Oxide TF'T device 1s an
n-type transistor.

Optionally, the first output sub-circuit may include a first
output transistor;

the control electrode of the first output transistor 1is
clectrically connected to the first node, the first electrode of
the first output transistor 1s electrically connected to the first
clock signal end, and the second electrode of the first output
transistor 1s electrically connected to the second gate driving
signal output end.

In at least one embodiment of the present disclosure, the
first output transistor may be a p-type transistor, but i1s not
limited thereto.

As shown 1n FIG. 2, on the basis of at least one embodi-
ment of the gate driving unit shown in FIG. 1, the second
output circuit further includes a second output sub-circuit
122 and a third node control sub-circuit 123;

the second output sub-circuit 122 1s electrically connected
to a third node N3, the second gate driving signal output end
OUT_N and the first voltage end V1, respectively, and 1s
configured to control a writing of the first voltage signal
provided by the first voltage end V1 into the second gate
driving signal output end OUT_N under the control of the
potential of the third node N3;

the third node control sub-circuit 123 is electrically con-
nected to the first gate driving signal output end OUT_P, the
second clock signal end, the third clock signal end, the first
voltage end V1, and the second voltage end V2, and 1s
configured to control a potential of the third node N3 under
control of the first gate driving signal output by the first gate
driving signal output end OUT_P, the second clock signal
GCK3 provided by the second clock signal end, and the third
clock signal GCK1 provided by the thuird clock signal end.

In at least one embodiment of the present disclosure, the
first voltage end V1 can be a low voltage end, and the second
voltage end V2 can be a high voltage end, but not limited
thereto.

In operation of at least one embodiment of the gate
driving unit shown 1n FIG. 2, the second output sub-circuit
122 controls OUT_N to output a first voltage signal under
the control of the potential of the third node N3; the third
node control sub-circuit 123 controls the potential of N3
under the control of the first gate driving signal, the second

clock signal GCK3, and the third clock signal GCK 1.
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Optionally, the second output sub-circuit includes a sec-
ond output transistor;

the control electrode of the second output transistor 1s
clectrically connected to the third node, the first electrode of
the second output transistor 1s electrically connected to the
second gate drniving signal output end, and the second
clectrode of the second output transistor 1s electrically
connected to the first voltage end.

In at least one embodiment of the present disclosure, the
third node control sub-circuit 123 is further configured to
control a writing of the second voltage signal 1nto the third
node N3 under the control of the first gate driving signal,
control a writing of the first voltage signal into the third node
N3 under the control of the second clock signal GCK3, and
control a potential of the third node N3 according to the third
clock signal GCK 1.

Optionally, the third node control sub-circuit includes a
first control transistor, a second control transistor and a first
control capacitor, where

a control electrode of the first control transistor 1s elec-
trically connected to the first gate driving signal output end,
a first electrode of the first control transistor 1s electrically
connected to the second voltage end, and a second electrode
of the first control transistor 1s electrically connected to the
third node:

a control electrode of the second control transistor i1s
clectrically connected to the second clock signal end, a first
clectrode of the second control transistor i1s electrically
connected to the third node, and a second electrode of the
second control transistor 1s electrically connected to the first
voltage end;

the first end of the first control capacitor 1s electrically
connected to the third node, and the second end of the first
control capacitor 1s electrically connected to the third clock
signal end.

As shown 1n FIG. 3A, on the basis of at least one
embodiment of the gate driving unit shown i FIG. 2, the
third node control sub-circuit 123 may include a first control
transistor M11, a second control transistor M12, and a first
control capacitor C3, where

the gate of the first control transistor M11 1s electrically
connected to the first gate driving signal output end OUT_P,
the source of the first control transistor M11 1s electrically

connected to a high voltage end, and the drain of the first
control transistor M11 1s electrically connected to the third
node N3;

the gate of the second control transistor M12 is electri-
cally connected to the second clock signal end, the source of
the second control transistor M12 1s electrically connected to
the third node N3, and the drain of the second control
transistor M12 1s electrically connected to the low voltage
end; the second clock signal end 1s used for providing a
second clock signal GCK 3;

a first end of the first control capacitor C3 1s electrically
connected to the third node N3, and a second end of the first
control capacitor C3 1s electrically connected to the third
clock signal end; the third clock signal end 1s used for
providing a third clock signal GCK 1.

In at least one embodiment shown 1n FIG. 3A, M11 and
M12 are p-type TFTs, but not limited thereto.

When at least one embodiment of the gate driving umit
shown 1n FIG. 3A of the present disclosure 1s 1n operation,
M11 1s turned on when OUT_P outputs a low voltage signal,
and M11 1s turned off when OUT_P outputs a high voltage
signal; when GCK3 1s at low voltage, M12 turns on, and
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10

when GCK3 1s at high voltage, M12 turns off; ¢3 1s used to
control the potential of N3 according to the potential of GCK

1.

In operation of at least one embodiment of the gate
driving unit of the present disclosure as shown 1n FIG. 3A,

when GCKS3 1s at low voltage, M12 1s turned on, VGL 1s
written into N3, and when GCK1 1s at high voltage, C3
stores a negative voltage;

when the GCK1 1s lowered from a high voltage to a low
voltage, the potential of N3 1s further lowered so that the
second output transistor included i the second output
sub-circuit can be fully turned on.

As shown in FIG. 3B, on the basis of at least one
embodiment of the gate driving umt shown i FIG. 2, the
third node control sub-circuit may include a third 1solation
node control unit circuit 31 and a third node control unit
circuit 32, where

the third 1solation node control unit circuit 31 1s electr-
cally connected to the first gate driving signal output end
OUT_P, the second voltage end V2, a third 1solation node
NO03, the second clock signal end, the third clock signal end
and the first voltage end V1, respectively, and 1s configured
to control the writing of the second voltage signal into the
third 1solation node NO03 under the control of the first gate
driving signal provided by OUT_P, control the writing of the
first voltage signal into the third 1solation node N03 under
the control of the second clock signal GCK3, and control the
potential of the third 1solation node NO03 according to the

third clock signal GCK 1;

the third node control unit circuit 32 1s electrically con-
nected to the first gate driving signal output end OUT_P, the
third 1solation node N03, the second voltage end V2, and the
third node N3, respectively, and 1s configured to write a
second voltage signal into the third node N3 under the
control of the first gate driving signal, and to control
communication between the third node N3 and the third
1solation node NO3 under the control of a potential of the
third 1solation node N03, and to maintain the potential of the
third node N3.

Optionally, the third i1solation node control unit circuit

includes a first control transistor, a second control transistor
and a first control capacitor, where

a control electrode of the first control transistor 1s elec-
trically connected to the first gate driving signal output end,
a first electrode of the first control transistor 1s electrically
connected to the second voltage end, and a second electrode
of the first control transistor 1s electrically connected to the
third 1solation node;:

a control electrode of the second control transistor 1s
clectrically connected to the second clock signal end, a first
clectrode of the second control transistor 1s electrically
connected to the third 1solation node, and a second electrode
of the second control transistor 1s electrically connected to
the first voltage end;

the first end of the first control capacitor 1s electrically
connected to the third 1solation node, and the second end of
the first control capacitor 1s electrically connected to the
third clock signal end.

In at least one embodiment of the present disclosure, the
third node control unit circuit may include a third control
transistor, a fourth control transistor, and a first storage
capacitor, where

a control electrode of the third control transistor 1s elec-
trically connected to the first gate driving signal end, a first
clectrode of the third control transistor 1s electrically con-
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nected to the second voltage end, and a second electrode of
the third control transistor 1s electrically connected to the
third node;

a control electrode of the fourth control transistor and a
first electrode of the fourth control transistor are bo™ elec-
trically connected to the third i1solation node, and a second

clectrode of the fourth control transistor 1s electrically
connected to the third node;

the first end of the first storage capacitor 1s electrically
connected to the third node, and the second end of the first
storage capacitor 1s electrically connected to the first voltage
end.

As shown 1n FIG. 4, on the basis of at least one embodi-
ment of the gate driving unit shown 1n FIG. 3B,

the third 1solation node control unit circuit 31 includes a
first control transistor M11, a second control transistor M12,
and a first control capacitor C3, where

The gate of the first control transistor M11 1s electrically
connected to the first gate driving signal output end OUT_P,
the source of the first control transistor M11 1s electrically
connected to the high voltage end, and the drain of the first
control transistor M11 1s electrically connected to the third
isolation node NO3; the high voltage end 1s used for pro-
viding a high voltage VGH;

the gate of the second control transistor M12 1s electri-
cally connected to the second clock signal end, the source of
the second control transistor M12 1s electrically connected to
the third 1solation node NO3, and the drain of the second
control transistor M12 1s electrically connected to the low
voltage end; the low voltage end 1s used for providing a low
voltage VGL; the second clock signal end i1s used for
providing a second clock signal GCK 3;

a first end of the first control capacitor C3 1s electrically
connected to the third 1solation node N03, and a second end
of the first control capacitor C3 is electrically connected to
the third clock signal end; the third clock signal end 1s used
for providing a third clock signal GCK1;

the third node control unit circuit 32 includes a third
control transistor M14, a fourth control transistor M13, and
a first storage capacitor C4, where

a gate of the third control transistor M14 1s electrically
connected to the first gate driving signal end OUT_P, a
source of the third control transistor M14 1s electrically
connected to a high voltage end, and a drain of the third
control transistor M14 1s electrically connected to the third
node N3;

the gate of the fourth control transistor M13 and the
source of the fourth control transistor M13 are bo™ electri-
cally connected to the third 1solation node N03, and the drain
of the fourth control transistor M13 1s electrically connected
to the third node N3:

a first end of the first storage capacitor C4 1s electrically
connected to the third node N3, and a second end of the first
storage capacitor C3 1s electrically connected to a low-
voltage end;

the high voltage end 1s used for providing a high voltage
VGH, and the low voltage end 1s used for providing a low
voltage VGL.

In at least one embodiment shown 1n FIG. 4, all the
transistors are p-type thin film transistors, but not limited
thereto.

In operation of at least one embodiment of the gate
driving unit of the present disclosure as shown in FIG. 4,

when GCK3 1s at low voltage, M12 i1s turned on, VGL 1s
written mto NO03, and when GCKI1 1s at high voltage, C3
stores a negative voltage;
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when the GCK1 1s lowered from a high voltage to a low
voltage, the potential of N3 1s further lowered, M13 1s turned
on, and the potential of N3 1s pulled low enough to enable
the second output transistor included 1n the second output
sub-circuit to be fully turned on.

In at least one embodiment of the gate driving unit shown
in FIG. 4 of the present disclosure, 1f M13 1s not used, since
the potential of GCKI1 1s continuously switched between the
high voltage and the low voltage, the potential of N3 cannot
always maintain a su 101ently low potential, and the second
output transistor mcluded 1n the second output sub-circuit
cannot be sufliciently turned on, so that the low voltage
output eflect 1s not good;

in at least one embodiment of the gate driving unit shown
in FIG. 4, M13 1s used, so that when GCK1 raises the
potential of N03, M13 1s turned off, and the low-level of N3
can be maintained at a sufliciently low potential, thereby
ensuring the effect of low-voltage output.

As shown 1n FIG. 5, the first output circuit may include a
first node control sub-circuit 51 and a tank sub-circuit 52;

the first node control sub-circuit 51 1s electrically con-
nected to a third clock signal end, an 1nput end GSTV, a
second voltage end V2, a second node N2 and a first node
N1, respectively, and 1s configured to write an mput signal
prowded by the input end GSTV 1nto the first node N1 under
the control of a third clock signal GCK1 provided by the
third clock signal end, and to write a second voltage signal
provided by the second voltage end V2 1nto the first node N1
under the control of a potential of the second node N2;

a first end of the tank sub-circuit 52 1s electrically con-
nected to the first node N1, a second end of the tank
sub-circuit 32 1s electrically connected to the first gate-
driving signal output end OUT_P, and the tank sub-circuit 52
1s configured to store electric energy.

Optionally, the first node control sub-circuit comprises a
fifth control transistor and a sixth control transistor, where

a control electrode of the fifth control transistor 1s elec-
trically connected to the third clock signal end, a first
clectrode of the fifth control transistor 1s electrically con-
nected to the iput end, and a second electrode of the fifth
control transistor 1s electrically connected to the first node;

a control electrode of the sixth control transistor 1s elec-
trically connected to the second node, a first electrode of the
sixth control transistor 1s electrically connected to the sec-
ond voltage end, and a second electrode of the sixth control
transistor 1s electrically connected to the first node;

the tank sub-circuit comprises a second storage capacitor;

the first end of the second storage capacitor 1s electrically
connected to the first node, and the second end of the second
storage capacitor 1s electrically connected to the first gate
driving signal output end.

In at least one embodiment of the present disclosure, the
first node control sub-circuit may include a first control unit
circuit, a second control unmit circuit, a third control unit
circuit, a fourth control unit circuit, a fifth control unit
circuit, and a sixth control unit circuit, where

the first control unit circuit 1s respectively electrically
connected to a third clock signal end, the mput end and a
fourth node and 1s configured to write the mput signal into
the fourth node under the control of the third clock signal;

the second control unit circuit 1s electrically connected to
the third clock signal end, the fourth node and the first node
respectively, and 1s configured to control the communication
between the fourth node and the first node under the control
of the third clock signal;

the third control unit circuit 1s electrically connected to
the first gate driving signal output end, the fourth clock
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signal end and the fourth node, and 1s configured to write a
tourth clock signal provided by the fourth clock signal end
into the fourth node under the control of the first gate driving
signal provided by the first gate driving signal output end;
the fourth control unit circuit 1s respectively electrically
connected to the second node, the second voltage end and
the fifth node, and 1s configured to write a second voltage
signal provided by the second voltage end into the fifth node
under the control of the potential of the second node;

the fifth control unit circuit 1s respectively electrically
connected to the second node, the fifth node and the first
node and 1s configured to control the communication
between the fifth node and the first node under the control of
the potential of the second node;

the sixth control unit circuit 1s electrically connected to
the first node, the fifth node, and the first voltage end,
respectively, and configured to write a first voltage signal
provided by the first voltage end into the fifth node under
control of a potential of the first node.

In a specific implementation, the first node control sub-
circuit may include a first control unit circuit, a second
control unit circuit, a third control unit circuit, a fourth
control unit circuit, a fifth control unit circuit, and a sixth
control unit circuit, where the first control unit circuit 1s
configured to write the input signal into the fourth node
under the control of the third clock signal, the fourth control
unit circuit 1s configured to write the second voltage signal
into the fifth node under the control of the potential of the
second node, and the second control unit circuit, the third
control unit circuit, the fifth control unit circuit, and the sixth
control unit circuit are configured to prevent a leakage
current.

As shown 1n FIG. 6, on the basis of at least one embodi-
ment of the gate driving unit shown 1n FIG. 5, the first node
control sub-circuit 51 comprises a first control unit circuit,
a second control unit circuit, a third control unit circuit, a
fourth control unit circuit, a fifth control unit circuit and a
sixth control unit circuit, where

the first control unit circuit includes a fifth control tran-
sistor M1, the second control unit circuit includes a seventh
control transistor M2, the third control unit circuit includes
an eighth control transistor M10, the fourth control unit
circuit includes a sixth control transistor M6, the fifth control
unit circuit includes a ninth control transistor M7, the sixth
control unit circuit includes a tenth control transistor M8,
where

a gate of M1 1s electrically connected to the third clock
signal end, a source of M1 1s electrically connected to the
input end GSTV, and a drain of M1 1s electrically connected
to a fourth node N4; the third clock signal end provides a
third clock signal GCKI1;

the gate of the M2 1s electrically connected to the third
clock signal end, the source of the M2 1s electrically
connected to the fourth node N4, and the drain of the M2 1s
clectrically connected to the first node N1;

a gate of the M10 1s electrically connected to the first gate
driving signal output end OUT_P, a source of the M10 1s
clectrically connected to the fourth clock signal end, and a
drain of the M10 1s electrically connected to the fourth node
N4; the Tfourth clock signal end 1s used for providing a fourth
clock signal GCK 2;

the gate of the M6 1s electrically connected to the second
node N2, the source of the M6 1s electrically connected to
the high-voltage end, and the drain of the M6 1s electrically
connected to the fifth node NSJ; the high voltage end 1s used
for providing a high voltage VGH;
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the gate of M7 1s electrically connected to the second node
N2, the source of M7 1s electrically connected to the fifth
node NS, and the drain of M7 1s electrically connected to the
first node N1;

the gate electrode of the M8 1s electrically connected to
the first node N1, the source electrode of the M8 1s electri-
cally connected to the fifth node N5, and the drain electrode
of the M8 1s electrically connected to a low-voltage end; the
low voltage end 1s used for providing a low voltage VGL.

In at least one embodiment shown in FIG. 6, all the
transistors are p-type thin film transistors, but not limited
thereto.

In at least one embodiment shown 1in FIGS. 6, M1 and M2
constitute a double-gate transistor, M6 and M7 constitute a
double-gate transistor, the leakage current of the double-gate
transistor 1s small, and M10 1s used to control the potential
of N4, so that the drain-source voltage of M1 and the
drain-source voltage of M2 are reduced 1n a predetermined
time period, and the leakage current of M1 and the leakage
current of M2 are reduced; and controlling the potential of
NS with M8 to reduce the drain-source voltage of M6 and
the drain-source voltage of M7 for a predetermined period of
time to reduce the leakage current of M6 and the leakage
current of M7.

In at least one embodiment of the present disclosure, the
first output circuit further includes a second node control
sub-circuit and a third output sub-circuit;

the second node control sub-circuit is respectively elec-
trically connected to a second node, the input end, a second
clock signal end, a first voltage end and a second voltage
end, and 1s configured to write a second voltage signal
provided by the second voltage end into the second node
under the control of the mput signal, writing a first voltage
signal provided by the first voltage end into the second node
under the control of a second clock signal provided by the
second clock signal end, and maintaining the potential of the
second node:

the third output sub-circuit 1s respectively electrically
connected to the second node, the second voltage end, the
first gate driving signal output end, the first node and a fourth
clock signal end, and 1s configured to write a fourth clock
signal provided by the fourth clock signal end into the first
gate driving signal output end under the control of the
potential of the first node, and writing a second voltage
signal into the first gate driving signal output end under the
control of the potential of the second node.

As shown 1n FIG. 7, on the basis of at least one embodi-
ment of the gate driving unit shown 1n FIG. 5, the first output
circuit further includes a second node control sub-circuit 53
and a third output sub-circuit 54;

the second node control sub-circuit 33 1s electrically
connected to the second node N2, the mput end GSTV, the
second clock signal end, the first voltage end V1, and the
second voltage end V2, respectively, and 1s configured to
write the second voltage signal provided by the second
voltage end V2 mto the second node N2 under the control of
the input signal provided by GSTV, write the first voltage
signal provided by the first voltage end V1 into the second
node N2 under the control of the second clock signal GCK3
provided by the second clock signal end, and maintain the
potential of the second node N2;

the third output sub-circuit 54 1s electrically connected to
the second node N2, the second voltage end V2, the first gate
driving signal output end OUT_P, the first node N1, and the
fourth clock signal end, and 1s configured to write the fourth
clock signal GCK2 provided by the fourth clock signal end
into the first gate driving signal output end OUT_P under the
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control of the potential of the first node N1, and write the
second voltage signal into the first gate driving signal output
end OUT_P under the control of the potential of the second
node N2.

In operation of at least one embodiment of the gate
driving unit shown in FIG. 7, the second node control
sub-circuit 53 writes the second voltage signal into N2 under
the control of the mput signal, writes the first voltage signal
into N2 under the control of the second clock signal GCK3,
and maintains the potential of N2; the third output sub-
circuit controls OUT_P to output GCK2 under the control of
the potential of N1, and controls OUT_P to output a second
voltage signal under the control of the potential of N2.

Optionally, the second node control sub-circuit includes a
seventh control transistor, an eighth control transistor, and a
second control capacitor;

a control electrode of the seventh control transistor 1s
clectrically connected to a second clock signal end, a first
clectrode of the seventh control transistor 1s electrically
connected to a second node, and a second electrode of the
seventh control transistor 1s electrically connected to the first
voltage end;

a control electrode of the eighth control transistor i1s
clectrically connected to the input end, a first electrode of the
eighth control transistor 1s electrically connected to the
second voltage end, and a second electrode of the eighth
control transistor 1s electrically connected to the second
node;

the first end of the second control capacitor 1s electrically
connected to the second node, and the second end of the
second control capacitor 1s electrically connected to the
second voltage end.

Optionally, the third output sub-circuit comprises a third
output transistor and a fourth output transistor, where

a control electrode of the third output transistor 1s elec-
trically connected to the second node, a first electrode of the
third output transistor 1s electrically connected to the second
voltage end, and a second electrode of the thurd output
transistor 1s electrically connected to the first gate driving
signal output end;

a conftrol electrode of the fourth output transistor 1s
clectrically connected to the first node, a first electrode of the
fourth output transistor 1s electrically connected to the first
gate driving signal output end, and a second electrode of the
fourth output transistor 1s electrically connected to the fourth
clock signal end.

As shown 1n FIG. 8, on the basis of at least one embodi-
ment of the gate driving unit shown in FIG. 4, the first output
sub-circuit 121 includes a first output transistor M16; the
second output sub-circuit comprises a second output tran-
sistor M135; the first output circuit comprises a first node
control sub-circuit 51, a tank sub-circuit 52, a second node
control sub-circuit 53 and a third output sub-circuit 54;

a gate of M16 1s electrically connected to the first node
N1, a source of M16 1s electrically connected to the first
clock signal end, and a drain of M16 1s electrically con-
nected to the second gate driving signal output end OUT_N;
the first clock signal end 1s used for providing a first clock
signal GCKO;

the gate of the M15 1s electrically connected to the third
node N3, the source of the M13 i1s electrically connected to
the second gate driving signal output end OUT_N, and the
drain of the M135 1s electrically connected to the low voltage
end; the low voltage end 1s used for providing a low voltage
VGL;

the first node control sub-circuit 51 includes a first control
unit circuit, a second control unit circuit, a third control unit
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circuit, a fourth control unit circuit, a fifth control unit
circuit, and a sixth control unit circuit, where

the first control unit circuit includes a fifth control tran-
sistor M1, the second control unit circuit includes a seventh
control transistor M2, the third control unit circuit includes
an eighth control transistor M10, the fourth control unit
circuit includes a sixth control transistor M6, the fitth control
unit circuit includes a ninth control transistor M7, the sixth
control unit circuit includes a tenth control transistor M8,
where

a gate of M1 1s electrically connected to the third clock
signal end, a source of M1 1s electrically connected to the
input end GSTV, and a drain of M1 1s electrically connected
to a fourth node N4; the third clock signal end provides a
third clock signal GCK1;

the gate of the M2 1s electrically connected to the third
clock signal end, the source of the M2 1s electrically
connected to the fourth node N4, and the drain of the M2 1s
clectrically connected to the first node N1;

a gate of the M10 1s electrically connected to the first gate
driving signal output end OUT_P, a source of the M10 1s
clectrically connected to the fourth clock signal end, and a
drain of the M10 1s electrically connected to the fourth node
N4; the fourth clock signal end 1s used for providing a fourth
clock signal end GCK 2;

the gate of the M6 1s electrically connected to the second
node N2, the source of the M6 1s electrically connected to
the high-voltage end, and the drain of the M6 1s electrically
connected to the fifth node NS§; the high voltage end 1s used
for providing a high voltage VGH;

the gate of M7 1s electrically connected to the second node
N2, the source of M7 is electrically connected to the fifth
node N3, and the drain of M7 1s electrically connected to the
first node N1;

the gate electrode of the M8 1s electrically connected to
the first node N1, the source electrode of the M8 1s electri-
cally connected to the fifth node N5, and the drain electrode
of the M8 1s electrically connected to a low-voltage end; the
low voltage end 1s used for providing a low voltage VGL;

the tank sub-circuit 52 comprises a second storage capaci-
tor C1;

a first end of C1 1s electrically connected to the first node
N1, a second end of C1 1s electrically connected to OUT_P;

the second node control sub-circuit 53 includes a seventh
control transistor M5, an eighth control transistor M9, and a
second control capacitor C2;

the gate electrode of the MS 1s electrically connected to a
second clock signal end, the source electrode of the MS 1s
clectrically connected to the second node N2, and the drain
clectrode of the M5 1s electrically connected to a low-
voltage end; the low voltage end 1s used for providing a low
voltage VGL;

a gate of M9 1s electrically connected to the input end
GSTYV, a source of

M9 i1s electrically connected to a high voltage end, and a
drain of M9 1s electrically connected to the second node N2;
the high voltage end 1s used for providing a high voltage
VGH;

a first end of the second control capacitor C2 is electri-
cally connected to the second node N2, and a second end of
the second control capacitor C2 1s electrically connected to
the high voltage end;

the third output sub-circuit 54 includes a third output
transistor M4 and a fourth output transistor M3, where

the gate of the third output transistor M4 1s electrically
connected to the second node N2, the source of the third
output transistor M4 1s electrically connected to the high
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voltage end, and the drain of the third output transistor M4
1s electrically connected to the first gate driving signal

output end OUT_P;

a gate of the fourth output transistor M3 1s electrically
connected to the first node N1, a source of the fourth output
transistor M3 1s electrically connected to the first gate
driving signal output end OUT_P, and a drain of the fourth
output transistor M3 1s electrically connected to the fourth
clock signal end; the fourth clock signal end 1s configured to
provide a fourth clock signal GCK 2.

In at least one embodiment of the gate driving unit shown
in FI1G. 8, all the transistors are p-type thin film transistors,
but not limited to this.

In at least one embodiment of the gate driving unit shown
in FIG. 8, the size of M1 1s the same as that of M2, and M1
and M2 are adjacent to each other on the layout, so the
threshold voltage of M1 and the threshold voltage of M2

may be the same, but not limited thereto.

As shown 1n FIG. 9, when at least one embodiment of the
gate driving unit of the present disclosure shown in FIG. 8
1S 1n operation,

in the pre-charge phase S1, GS'TV provides a low voltage,
GCK1 15 a low voltage, GCK2 1s a high voltage, M1 and M2
are turned on, the potential of N1 1s pulled to a low potential
VGL+Vth, M3 1s turned on, OUT_P outputs a high voltage,
and the voltage stored across C1 1s VGL+Vth-VGH; mean-
while, M9 i1s turned on, the potential of N2 1s high, and M4
is turned off; where V” is a threshold voltage of M1;

in the bootstrap output phase S2, GSTV provides high
voltage, GCK1 1s high voltage, GCK2 1s low voltage, since
M3 1s turned on 1n the previous phase, the low voltage of
GCK2 i1s transmitted to OUT_P through M3, meanwhile,
since the voltage across C1 cannot suddenly change, the
potential of N1 1s raised to a lower potential, and the
potential of N1 1s 2VGL+Vth-2VGH, so that M3 1s turned
on better;

in the second half period included 1n the bootstrap output
phase S2, GCK2 jumps from a low voltage to a high voltage
because the potential of N1 1s still lower than that of GCK2,
so M3 1s turned on, and OUTP outputs GCK2, thereby
realizing a low pulse output of OUT_P;

in the bootstrap output phase S2, the low potential of N1
turns on M16, and OUT_N outputs GCKO, since the high
pulse wid” of GCKO is smaller than that of GCK2, so that
the pulse of GCKO can be fully transmitted to OUT_N,
including the rising and falling portions; the low potential of
the OUT_P turns on M11 and M14, stabilizes the potential
of N3 and the potential of NO3 at a high potential, and turns
ofl M15, so that the logical contlict of the OUT_N output 1s
avoided;

in the node pull-up level 83, GCK3 1s low, M5 1s turned
on, the potential of N2 1s pulled down to a low potential, M4
1s turned on, and OUT_P outputs VGH; meanwhile, the low
potential of N2 turns on M6 and M7, the potential of N1 1s
pulled high, M3 1s turned oil, M12 1s turned on, the potential
of NO03 1s low potential, and since GCK1 1s high voltage, the
storage potential of C3 is VGL+V”12-VGH; where Vth12
1s a threshold voltage of M12;

in the holding phase S4, GCK3 periodically pulls the
potential of N2 to VGL to ensure that M4 1s turned on, so
that OUT_P stably outputs VGH, GCK3 periodically pulls
the power of NO03 and the potential of N3 low, stores
VGL+Vthl12-VGH 1 C3, and meanwhile, GCK1 periodi-
cally jumps to a low Voltage to pull the potential of N03 and
the potential of N3 to lower potentials through C3 to ensure
that M135 1s sufliciently turned on to output VGL to OUT_N.
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As shown 1n FIG. 9, the duty cycle of GCK1, the duty
cycle of GCK2, and the duty cycle of GCK3 may be the
same; GCK2 1s delayed for a predetermined time from
GCK1, and GCK3 i1s delayed for a predetermined time from
GCK2, so that GCK1, GCK2 and GCK3 are not low
voltages at the same time, but the mvention 1s not limited
thereto.

In at least one embodiment of the present disclosure, the
duty cycle of GCK1, the duty cycle of GCK2, and the duty
cycle of GCK3 may be slightly less than Y3, or the duty cycle
of GCK1, the duty cycle of GCK2, and the duty cycle of
GCK3 may also be equal to Y3; but not limited thereto.

At least one embodiment of the present disclosure pro-
vides a gate driving circuit including the above gate driving
unit.

The gate driving circuit according to at least one embodi-
ment of the present disclosure further includes a first clock
signal 1nput end, a second clock signal mput end, a third
clock signal mput end, a first clock signal end, a second {first
clock signal end, and a third first clock signal end;

the mput end of the gate dnving umt 1s electrically
connected to the first gate driving signal output end of the
adjacent upper-level gate driving unit;

a third clock signal end of the (3n-2)" level gate driving
unit 1s electrically connected to the first clock signal input
end, a fourth clock signal end of the (3n-2)"” level gate
driving unit 1s electrically connected to the second clock
signal mput end, and a second clock signal end of the
(3n-2)" level gate driving unit is electrically connected to
the third clock signal mnput end; the first clock signal end of
the 3n-2 gate driving unit 1s electrically connected to the
second first clock signal end;

a third clock signal end of the (3n—1)" level gate driving
unit 1s electrically connected to a second clock signal input
end, a fourth clock signal end of the (3n-1)" level gate
driving unit 1s electrically connected to a third clock signal
input end, and a second clock signal end of the (3n-1)" level
gate driving umt 1s electrically connected to a first clock
signal mput end; the first clock signal end of the 3n-1 gate
driving unit 1s electrically connected to the third first clock
signal end;

a third clock signal end of the 3n” level gate driving unit
1s electrically connected to a third clock signal mput end, a
fourth clock signal end of the 3n” level gate driving unit is
clectrically connected to the first clock signal input end, and
a second clock signal end of the 3n” level gate driving unit
1s electrically connected to the second clock signal mput
end; the first clock signal end of the 3n” gate driving unit is
clectrically connected to the first clock signal end;

n 1s a positive integer.

As shown 1n FIG. 10, X1 1s a first level gate driving unit
of the gate driving circuit, X2 1s a second level gate driving
umt of the gate driving circuit, X3 1s a third level gate
driving unit of the gate driving circuit, X4 1s a fourth level
gate driving unit of the gate driving circuit, XS 1s a fifth level
gate driving unit of the gate driving circuit, and X6 1s a sixth
level gate driving unit of the gate driving circuit;

the reference number STV 1s the starting end; OUT_P (1)
1s a first gate driving signal output end of X1, OUT_N (1)
1s a second gate driving signal output end of X1; OUT_P (2)
1s a first gate driving signal output end of X2, OUT_N (2)
1s a second gate driving signal output end of X2; OUT_P (3)
1s a first gate driving signal output end of X3, and OUT_N
(3) 15 a second gate driving signal output end of X3; OUT_P
(4) 1s a first gate drniving signal output end of X4, and
OUT_N (4) 1s a second gate driving signal output end of X4;
OUT_P (5) 1s a first gate driving signal output end of X5, and
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OUT_N (5) 1s a second gate driving signal output end of X5;
OUT_P (6) 1s a first gate driving signal output end of X6, and
OUT_N (6) 1s a second gate driving signal output end of X6;

CK1 1s a first clock signal input end, CK2 1s a second
clock signal 1input end, and CK3 1s a third clock signal input
end;

CKO1 1s a first clock end, CKO2 1s a
end, and CKO3 1s a third first clock end:;

the third clock signal end of X1 1s electrically connected
to CK1, the fourth clock signal end of X1 1s electrically
connected to CK2, the second clock signal end of X1 1is
clectrically connected to CK3, and the first clock signal end
of X1 1s electrically connected to CKO 2;

the third clock signal end of X2 1s electrically connected
to CK2, the fourth clock signal end of X2 1s electrically
connected to CK3, the second clock signal end of X2 1is
clectrically connected to CK1, and the first clock signal end
of X1 1s electrically connected to CKO 3;

the third clock signal end of X3 1s electrically connected
to CK3, the fourth clock signal end of X3 1s electrically
connected to CK1, the second clock signal end of X1 1is
clectrically connected to CK2, and the first clock signal end
of X1 1s electrically connected to CKO 1;

the third clock signal end of X4 1s electrically connected
to CK1, the fourth clock signal end of X4 1s electrically
connected to CK2, the second clock signal end of X4 1s
clectrically connected to CK3, and the first clock signal end
of X4 1s electrically connected to CKO 2;

the third clock signal end of X3 1s electrically connected
to CK2, the fourth clock signal end of X3 1s electrically
connected to CK3, the second clock signal end of XS 1is
clectrically connected to CK1, and the first clock signal end
of X5 1s electrically connected to CKO 3;

the third clock signal end of X6 1s electrically connected
to CK3, the fourth clock signal end of X6 1s electrically
connected to CK1, the second clock signal end of X6 1is
clectrically connected to CK2, and the first clock signal end
of X6 1s electrically connected to CKO 1.

FIG. 11 1s a timing diagram 1llustrating operation of at
least one embodiment of the gate driving circuit of FIG. 10.

As shown i FIG. 11, the duty ratio of the clock signal
supplhied from CK1, the duty ratio of the clock signal
supplied from CK2, and the duty ratio of the clock signal
supplied from CK3 may be the same; the clock signal
provided by CK2 1s delayed by a predetermined time than
the clock signal provided by CK1, and the clock signal
provided by CK3 1s delayed by a predetermined time than
the clock signal provided by CK2, so that the clock signal
provided by CK1, the clock signal provided by CK2 and the
clock signal provided by CK3 are not at the same time a low
voltage, but the invention 1s not limited thereto.

In at least one embodiment of the present disclosure, the
duty ratio of the clock signal provided by CK1, the duty ratio
of the clock signal provided by CK2, and the duty ratio of
the clock signal provided by CK3 may be slightly smaller
than 143, or the duty ratio of the clock signal provided by
CK1, the duty ratio of the clock signal provided by CK2, and
the duty rat10 of the clock signal provided by CK3 may also
be equal to Y3; but not limited thereto.

As shown i FIG. 11, the duty cycle of the first clock
signal provided by CKO1, the duty cycle of the second first
clock signal provided by CKOZ and the duty cycle of the
third first clock signal provided by CKO3 are all less than
the duty cycle of the clock signal provided by CK1; and the
first clock signal, the second first clock signal and the third
first clock signal are not high voltages at the same time.
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The gate driving method according to at least one embodi-
ment of the present disclosure 1s applied to the gate driving
circuit, and includes:

the first output circuit controls the first gate driving signal
output end to output a first gate driving signal under the
control of the potential of the first node and the potential of
the second node;

the first output sub-circuit controls the communication
between the second gate driving signal output end and the
first clock signal end under the control of the potential of the
first node.

At least one embodiment of the present disclosure pro-
vides a display device including the gate driving circuit.

The display device provided 1n at least one embodiment
of the present disclosure may be any product or component
having a display function, such as a mobile phone, a tablet
computer, a television, a display, a notebook computer, a
digital photo frame, and a navigator.

While the foregoing 1s directed to some embodiment of
the present disclosure, 1t will be appreciated that various
modifications and adaptations may be made by those skilled
in the art without departing from the principles of the
disclosure and should be considered as within the scope of
the disclosure.

What 1s claimed 1s:

1. A gate driving unit, comprising,

a first output circuit; and

a second output circuit,

wherein the second output circuit comprises a {irst output
sub-circuit,

wherein the first output circuit 1s respectively electrically
connected to a first node, a second node and a {irst gate
driving signal output end, and 1s configured to control
the first gate driving signal output end to output a first
gate driving signal under a control of a potential of the
first node and a potential of the second node,

wherein the first output sub-circuit i1s respectively elec-
trically connected to the first node, a second gate
driving signal output end and a first clock signal end,
and 1s configured to control the second gate driving
signal output end to be connected to the first clock
signal end under the control of the potential of the first
node,

wherein the second output circuit further comprises a
second output sub-circuit and a third node control
sub-circuit,

wherein the second output sub-circuit 1s respectively
clectrically connected to a third node, the second gate
driving signal output end and a first voltage end, and 1s
configured to control a writing of a first voltage signal
provided by the first voltage end into the second gate
driving signal output end under a control of a potential
of the third node,

wherein the third node control sub-circuit 1s respectively
clectrically connected to the first gate driving signal
output end, a second clock signal end, a third clock
signal end, the first voltage end and a second voltage
end, and 1s configured to control the potential of the
third node under the control of the first gate driving
signal output by the first gate driving signal output end,
the second clock signal provided by the second clock
signal end and the third clock signal provided by the
third clock signal end,

wherein the third node control sub-circuit comprises a
third 1solation node control unit circuit and a third node
control unit circuit,
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wherein the third 1solation node control unit circuit 1s
clectrically connected to the first gate driving signal
output end, the second voltage end, a third 1solation
node, the second clock signal end, the third clock signal
end and the first voltage end, respectively, and 1is
configured to control a writing of a second voltage
signal into the third 1solation node under a control of
the first gate driving signal, control a writing of the first
voltage signal into the third 1solation node under a
control of the second clock signal, and control a poten-
tial of the third 1solation node according to the third
clock signal, and

wherein the third node control unit circuit 1s electrically
connected to the first gate driving signal output end, the
third 1solation node, the second voltage end, and the
third node, respectively, and 1s configured to write a
second voltage signal into the third node under the
control of the first gate driving signal, and 1s configured
to control the third node and the third 1solation node to
be connected to each other under a control of a potential
of the third 1solation node, and 1s configured to main-
tain the potential of the third node.

2. The gate driving unit according to claim 1, wherein the

first output sub-circuit comprises a first output transistor;

a control electrode of the first output transistor 1s electri-
cally connected to the first node, a first electrode of the
first output transistor 1s electrically connected to the
first clock signal end, and a second electrode of the first
output transistor 1s electrically connected to the second
gate driving signal output end.

3. The gate driving unit according to claim 1, wherein the
second output sub-circuit comprises a second output tran-
sistor;

a control electrode of the second output transistor i1s
clectrically connected to the third node, a first electrode
of the second output transistor is electrically connected
to the second gate driving signal output end, and a
second electrode of the second output transistor 1s
clectrically connected to the first voltage end.

4. The gate driving unit according to claim 1, wherein the
third node control sub-circuit 1s further configured to control
a writing of a second voltage signal provided by the second
voltage end 1nto the third node under the control of the first
gate driving signal, to control a writing of the first voltage
signal into the third node under a control of the second clock
signal, and to control a potential of the third node according
to the third clock signal.

5. The gate driving unit according to claim 4, wherein the
third node control sub-circuit comprises a first control
transistor, a second control transistor, and a first control
capacitor, wherein

a control electrode of the first control transistor 1s elec-
trically connected to the first gate driving signal output
end, a first electrode of the first control transistor is
clectrically connected to the second voltage end, and a
second electrode of the first control transistor 1s elec-
trically connected to the third node;

a control electrode of the second control transistor 1s
clectrically connected to the second clock signal end, a
first electrode of the second control transistor 1s elec-
trically connected to the third node, and a second
clectrode of the second control transistor 1s electrically
connected to the first voltage end; and

a first end of the first control capacitor 1s electrically
connected to the third node, and a second end of the
first control capacitor 1s electrically connected to the
third clock signal end.
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6. The gate driving unit according to claim 1, wherein the
third 1solation node control unit circuit comprises a first
control transistor, a second control transistor, and a first
control capacitor, wherein

a control electrode of the first control transistor 1s elec-
trically connected to the first gate driving signal output
end, a first electrode of the first control transistor is
clectrically connected to the second voltage end, and a
second electrode of the first control transistor 1s elec-
trically connected to the third 1solation node;

a control electrode of the second control transistor 1s
clectrically connected to the second clock signal end, a
first electrode of the second control transistor 1s elec-
trically connected to the third isolation node, and a
second electrode of the second control transistor 1s
clectrically connected to the first voltage end; and

a first end of the first control capacitor 1s electrically
connected to the third 1solation node, and a second end
of the first control capacitor 1s electrically connected to
the third clock signal end.

7. The gate driving unit according to claim 1, wherein the
third node control unit circuit comprises a third control
transistor, a fourth control transistor, and a first storage
capacitor, wherein

a control electrode of the third control transistor 1s elec-
trically connected to the first gate driving signal end, a
first electrode of the third control transistor 1s electri-
cally connected to the second voltage end, and a second
clectrode of the third control transistor 1s electrically
connected to the third node;

a control electrode of the fourth control transistor and a
first electrode of the fourth control transistor are bo™
clectrically connected to the third 1solation node, and a
second electrode of the fourth control transistor is
clectrically connected to the third node; and

a first end of the first storage capacitor 1s electrically
connected to the third node, and a second end of the
first storage capacitor 1s electrically connected to the
first voltage end.

8. The gate driving unit according to claim 1, wherein the
first output circuit comprises a first node control sub-circuit
and a tank sub-circuit;

the first node control sub-circuit 1s respectively electri-
cally connected to a third clock signal end, an input
end, a second voltage end, the second node and the first
node, and 1s configured to write an mmput signal pro-
vided by the mput end into the first node under a control
of a third clock signal provided by the third clock signal
end and write a second voltage signal provided by the
second voltage end 1nto the first node under the control
of the potential of the second node;

the first end of the tank sub-circuit i1s electrically con-
nected to the first node, the second end of the tank
sub-circuit 1s electrically connected to the first gate
driving signal output end, and the tank sub-circuit 1s
configured to store electric energy.

9. The gate driving unit according to claim 8, wherein the
first node control sub-circuit comprises a fifth control tran-
sistor and a sixth control transistor, wherein

a control electrode of the fifth control transistor 1s elec-
trically connected to the third clock signal end, a first
clectrode of the fifth control transistor 1s electrically
connected to the input end, and a second electrode of
the fifth control transistor 1s electrically connected to
the first node;:

a control electrode of the sixth control transistor 1s elec-
trically connected to the second node, a first electrode
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of the sixth control transistor is electrically connected

to the second voltage end, and a second electrode of t.

1C

sixth control transistor 1s electrically connected to t
first node;

1C

the tank sub-circuit comprises a second storage capacitor;
a first end of the second storage capacitor 1s electrically

connected to the first node, and a second end of {]

1C

second storage capacitor 1s electrically connected to t
first gate driving signal output end.

1C

10. The gate driving unit according to claim 8, wherein
the first node control sub-circuit comprises a first control
unit circuit, a second control unit circuit, a third control unit

circuit, a fourth control unmit circuit, a fifth control unait

circuit, and a sixth control unit circuit, wherein

the first control unit circuit 1s respectively electrically
connected to a third clock signal end, the input end and
a Tourth node and 1s configured to write the input signal
into the fourth node under the control of the third clock
signal;

the second control unit circuit 1s electrically connected to
the third clock signal end, the fourth node and the first
node respectively, and 1s configured to control a com-
munication between the fourth node and the first node
under the control of the third clock signal;

the third control unit circuit 1s electrically connected to
the first gate driving signal output end, the fourth clock
signal end and the fourth node, and 1s configured to
write a fourth clock signal provided by the fourth clock
signal end into the fourth node under the control of the
first gate driving signal provided by the first gate
driving signal output end;

the fourth control umt circuit 1s respectively electrically
connected to the second node, the second voltage end
and the fifth node, and 1s configured to write a second
voltage signal provided by the second voltage end 1nto
the fifth node under the control of the potential of the
second node:

the fifth control unit circuit 1s respectively electrically
connected to the second node, the fifth node and the
first node and 1s configured to control a communication
between the fifth node and the first node under the
control of the potential of the second node;

the sixth control unit circuit 1s electrically connected to
the first node, the fifth node, and the first voltage end,
respectively, and configured to write a first voltage
signal provided by the first voltage end into the fifth
node under the control of the potential of the first node.

11. The gate driving unit according to claim 10, wherein

the first control unit circuit comprises a fifth control tran-
sistor, the second control unit circuit comprises a seventh
control transistor, the third control unit circuit comprises an
eighth control transistor, the fourth control unit circuit
comprises a sixth control transistor, the fifth control unit
circuit comprises a ninth control transistor, the sixth control

unit circuit comprises a tenth control transistor, wherein

a control electrode of the fifth control transistor is elec-
trically connected to the third clock signal end, a first
clectrode of the fifth control transistor 1s electrically
connected to the input end, and a second electrode of
the fifth control transistor 1s electrically connected to
the fourth node;

a control electrode of the seventh control transistor i1s
clectrically connected to the third clock signal end, a
first electrode of the seventh control transistor 1s elec-
trically connected to the fourth node, and a second
clectrode of the seventh control transistor 1s electrically
connected to the first node;
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a control electrode of the eighth control transistor 1s
clectrically connected to the first gate driving signal
output end, a first electrode of the eighth control
transistor 1s electrically connected to a fourth clock
signal end, and a second electrode of the eighth control
transistor 1s electrically connected to the fourth node;

a control electrode of the sixth control transistor 1s elec-
trically connected to the second node, a first electrode
of the sixth control transistor is electrically connected
to the second voltage end, and a second electrode of the
sixth control transistor 1s electrically connected to the
fifth node;

a control electrode of the nminth control transistor 1s
clectrically connected to the second node, a first elec-
trode of the minth control transistor 1s electrically
connected to the fifth node, and a second electrode of
the ninth control transistor 1s electrically connected to
the first node;

a control electrode of the tenth control transistor 1s
clectrically connected to the first node, a first electrode
of the tenth control transistor 1s electrically connected
to the fifth node, and a second electrode of the tenth
control transistor 1s electrically connected to the first
voltage end.

12. The gate driving unit according to claim 8, wherein

the first output circuit further comprises a second node
control sub-circuit and a third output sub-circuit;

the second node control sub-circuit is respectively elec-
trically connected to a second node, the iput end, a
second clock signal end, a first voltage end and a
second voltage end, and 1s configured to write a second
voltage signal provided by the second voltage end 1nto
the second node under the control of the mput signal,
write a first voltage signal provided by the first voltage
end 1nto the second node under the control of a second
clock signal provided by the second clock signal end,
and maintain the potential of the second node;

the third output sub-circuit 1s respectively electrically
connected to the second node, the second voltage end.,
the first gate driving signal output end, the first node
and a fourth clock signal end, and 1s configured to write
a fourth clock signal provided by the fourth clock
signal end 1nto the first gate driving signal output end
under the control of the potential of the first node, and
write a second voltage signal into the first gate driving
signal output end under the control of the potential of
the second node.

13. The gate driving umt according to claim 12, wherein

the second node control sub-circuit comprises a seventh

50 control transistor, an eighth control transistor, and a second
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control capacitance;

a control electrode of the seventh control transistor 1s
clectrically connected to a second clock signal end, a
first electrode of the seventh control transistor 1s elec-
trically connected to a second node, and a second
clectrode of the seventh control transistor 1s electrically
connected to the first voltage end;

a control electrode of the eighth control transistor 1s
clectrically connected to the iput end, a first electrode
of the eighth control transistor is electrically connected
to the second voltage end, and a second electrode of the
cighth control transistor 1s electrically connected to the
second node; and

the first end of the second control capacitor 1s electrically
connected to the second node, and the second end of the
second control capacitor 1s electrically connected to the
second voltage end.
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14. The gate driving unit according to claim 12, wherein
the third output sub-circuit comprises a third output transis-
tor and a fourth output transistor, wherein

a control electrode of the third output transistor 1s elec-

trically connected to the second node, a first electrode s
of the third output transistor is electrically connected to
the second voltage end, and a second electrode of the
third output transistor 1s electrically connected to the
first gate driving signal output end;

a control electrode of the fourth output transistor 1s 10

clectrically connected to the first node, a first electrode
of the fourth output transistor 1s electrically connected
to the first gate driving signal output end, and a second
clectrode of the fourth output transistor 1s electrically
connected to the fourth clock signal end. 15

15. A gate driving circuit comprising the gate driving unit
according to claim 1.

16. The gate driving circuit according to claim 15, further
comprising a first clock signal mput end, a second clock
signal input end, a third clock signal input end, a first clock 20
signal end, a second first clock signal end, and a third first
clock signal end;

the mput end of the gate driving unit 1s electrically

connected to the first gate driving signal output end of
the adjacent upper-level gate driving unait; 25
a third clock signal end of a (3n-2)" level gate driving
umt 1s electrically connected to the first clock signal
input end, a fourth clock signal end of the (3n-2)" level
gate driving unit 1s electrically connected to the second
clock signal input end, and a second clock signal end of 30
the (3n-2)" level gate driving unit is electrically con-
nected to the third clock signal input end; the first clock
signal end of the (3n-2)" gate driving unit is electri-
cally connected to the second first clock signal end;

26

a third clock signal end of the (3n-1)" level gate driving

unit 1s electrically connected to a second clock signal
input end, a fourth clock signal end of the (3n-1)" level
gate driving unit 1s electrically connected to a third
clock signal input end, and a second clock signal end of
the (3n-1)" level gate driving unit is electrically con-
nected to a first clock signal mput end; the first clock
signal end of the (3n-1)" gate driving unit is electri-
cally connected to the third first clock signal end;

a third clock signal end of the 3n” level gate driving unit

1s electrically connected to a third clock signal input
end, a fourth clock signal end of the 3n” level gate
driving unit 1s electrically connected to the first clock
signal input end, and a second clock signal end of the
3n” level gate driving unit is electrically connected to
the second clock signal input end; the first clock signal
end of the 3n™ gate driving unit is electrically con-
nected to the first clock signal end;

n 1s a positive integer.

17. A display device comprising the gate driving circuit
according to claim 13.

18. A gate driving method, applied to the gate driving
circuit according to claim 1, comprising:

the first output circuit controlling the first gate driving

signal output end to output a first gate driving signal
under the control of the potential of the first node and
the potential of the second node;

the first output sub-circuit controlling a communication

between the second gate driving signal output end and
the first clock signal end under the control of the
potential of the first node.
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